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LOAD DRIVE APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority to Japanese
Patent Application No. 2014-244986, which was filed on
Dec. 3, 2014, the disclosure of which is herein incorporated
by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a load drive appa-
ratus which includes an application voltage control section
for applying to an electrical load a pulse voltage alternately
assuming a high potential and a low potential and which
drives and controls the electrical load.

[0004] 2. Description of Related Art

[0005] An example of a load drive apparatus which drives
and controls an electrical load such as a heater for heating a
gas detection element is one having an application voltage
control section for applying to the electrical load a pulse
voltage alternately assuming a high potential and a low poten-
tial.

[0006] In such a load drive apparatus, there may occur
various anomalous states such as a short-to-ground anoma-
lous state in which opposite ends of an electrical load are
connected to the ground potential (GND potential) and a wire
breakage anomalous state in which an energization path for
applying a pulse voltage to the electrical load is broken.

[0007] Inview ofthis, there has been proposed an apparatus
which has a function of judging whether or not there has
occurred the short-to-ground anomalous state of the electrical
load or the wire breakage anomalous state of the energization
path (Patent Document 1). Namely, Patent Document 1 dis-
closes an apparatus which measures the power supply voltage
of'a heater when the heater is operated and when the heater is
not operated and which outputs a corresponding failure signal
when the difference between the measured values of the
power supply voltage is less than a predetermined minimum
value or greater than a predetermined maximum value.

[0008] Meanwhile, as a result of long-term use, the electri-
cal characteristics of the electrical load may change, and the
electrical load may come into a deteriorated state. However,
the apparatus disclosed in Patent Document 1 cannot detect
such a deteriorated state of the electrical load.

[0009] In order to overcome such a drawback, there has
been proposed an anomaly detection apparatus which judges
a deteriorated state of an electrical load through use of a
current detection resistor (shunt resistor) which is connected
in series to the electrical load and in parallel to a switching
element of the application voltage control section (Patent
Document 2). Notably, the switching element is provided as a
portion of the application voltage control section. The appli-
cation voltage control section is provided so as to switch the
conduction state of an energization path extending from a
power supply to the electrical load by turning the switching
element on and off; to thereby control the voltage applied to
the electrical load.

[0010] Namely, in this anomaly detection apparatus, when
the supply of electricity to the electrical load by the applica-
tion voltage control section is stopped, a deteriorated state of
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the electrical load is judged on the basis of the current of the
electrical load detected through use of the current detection
resistor.

RELATED ART DOCUMENTS

[0011] Patent Document 1 is Japanese Patent Application
Laid-Open (kokai) No. H05-195843

[0012] Patent Document 2 is Japanese Patent No.3339107.

BRIEF SUMMARY OF THE INVENTION

[0013] However, the above-described anomaly detection
apparatus has a problem in that an expensive resistor element
must be provided as a current detection resistor and therefore
the production cost of the apparatus increases.

[0014] Also, since the current detection resistor is con-
nected in parallel to the switching element, even when the
switching element is in an off state, current always flows from
a battery, which is a power supply, through the current detec-
tion resistor. Therefore, the power of the battery is consumed
uselessly, thereby failing to fulfill recent needs of the auto-
motive industry, such as reduction of power consumption.
[0015] In view of the foregoing, an object of the present
invention is to provide a load drive apparatus which can judge
deterioration of an electrical load while employing a configu-
ration which can suppress an increase in production cost and
suppress useless power consumption.

[0016] A load drive apparatus according to a first aspect of
the present invention includes an application voltage control
section, a current supply section, and an anomaly judgment
section, and drives and controls an electrical load.

[0017] The application voltage control section applies to
the electrical load a pulse voltage alternately assuming a high
potential and a low potential. Namely, in the load drive appa-
ratus, the electrical load is driven and controlled as a result of
application of a pulse voltage to the electrical load by the
application voltage control section.

[0018] The current supply section is configured to supply
an anomaly judgment current to the electrical load when the
pulse voltage assumes the low potential. The anomaly judg-
ment section is configured to judge whether or not the elec-
trical load is in any of a plurality of anomalous states on the
basis of an electrical characteristic of the electrical load at the
time when the anomaly judgment current is supplied to the
electrical load, the plurality of anomalous states including at
least a deteriorated state of the electrical load and one or more
wiring anomalous states of the electrical load.

[0019] In this load drive apparatus, the anomalous state is
judged on the basis of the electrical characteristic of the
electrical load at the time when the anomaly judgment current
is supplied by the current supply section, instead of the elec-
trical characteristic of the electrical load at the time when the
pulse voltage of high potential is applied to the electrical load.
[0020] Namely, the electrical characteristic of the electrical
load upon supply ofthe anomaly judgment current is detected
in a state in which the influence of the pulse voltage of high
potential for driving the electrical load is removed. Therefore,
the detected electrical characteristic corresponds to (repre-
sents) the actual state of the electrical load. Therefore, use of
this load drive apparatus allows detection of a state (for
example, a deteriorated sate) of the electrical load which is
difficult to detect when the pulse voltage of high potential is
applied to the electrical load.



US 2016/0161542 Al

[0021] Also, since this load drive apparatus eliminates the
necessity of a current detection resistor which would other-
wise be connected in series to the electrical load and in par-
allel to the application voltage control section, an increase in
production cost caused by an expensive current detection
resistor can be suppressed. Further, since this load drive appa-
rats is configured to detect the deteriorated state and the
wiring anomalous states of the electrical load by instanta-
neously supplying the anomaly judgment current, the load
drive apparatus can realize a configuration which eliminates
the necessity of always supplying current to the electrical load
for detection of the deteriorated state and the wiring anoma-
lous states of the electrical load.

[0022] Therefore, this load drive apparatus can judge the
deteriorated state of the electrical load while employing a
configuration which can suppress an increase in production
cost and can suppress useless power consumption.

[0023] Next, in the above-described load drive apparatus,
the electrical load may be a heater which generates heat when
energized, the electrical characteristic of the electrical load
may be the electrical resistance of the electrical load, and the
anomaly judgment section compares the electrical resistance
of the electrical load to three predetermined thresholds and
judges whether or not the electrical load is in any of the
plurality of anomalous states on the basis of the comparison
between the electrical resistance and the three predetermined
thresholds.

[0024] The three thresholds are a first threshold, a second
threshold, and a third threshold, which differ from one
another, with the first threshold being the smallest among the
three thresholds, and the third threshold being the largest
among the three thresholds. In other words, the three thresh-
olds are a first threshold, the second threshold greater than the
first threshold, and a third threshold greater than the second
threshold.

[0025] The anomaly judgment section judges that the elec-
trical load is in a short-to-ground anomalous state when the
electrical resistance of the electrical load is equal to or less
than the first threshold, the short-to-ground anomalous state
being one of the one or more wiring anomalous state of the
electrical load in which opposite ends of the electrical load are
connected to the low potential. Also, the anomaly judgment
section judges that the electrical load is in a normal state when
the electrical resistance of the electrical load is greater than
the first threshold and is equal to or less than the second
threshold. Further, the anomaly judgment section judges that
the electrical load is in the deteriorated state when the elec-
trical resistance of the electrical load is greater than the sec-
ond threshold and is equal to or less than the third threshold,
the deteriorated state being one of the plurality of anomalous
states in which the electrical load is deteriorated. In other
words, when the electrical resistance is equal to or less than
the first threshold, the anomaly judgment section judges that
the anomalous state is a short-to-ground anomalous state
which is one of the wiring anomalous states of the electrical
load and in which opposite ends of the electrical load are
connected to the low potential. Also, when the electrical
resistance is greater than the first threshold and is equal to or
less than the second threshold, the anomaly judgment section
judges that the electrical load is a normal state. Further, when
the electrical resistance is greater than the second threshold
and is equal to or less than the third threshold, the anomaly
judgment section judges that the anomalous state is the dete-
riorated state in which the electrical load is deteriorated.
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[0026] Also, the anomaly judgment section judges that the
electrical load is in a particular anomalous state when the
electrical resistance of the electrical load is greater than the
third threshold, the particular anomalous state being one of
the one or more wiring anomalous states of the electrical load
and which includes at least one of a short-to-power anoma-
lous state in which the opposite ends of the electrical load are
connected to the high potential and a wire breakage anoma-
lous state in which an energization path for applying the pulse
voltage to the electrical load is broken. In other words, when
the electrical resistance is greater than the third threshold, the
anomaly judgment section judges that the anomalous state is
a particular anomalous state which is one of the wiring
anomalous states of the electrical load. Notably, the particular
anomalous state includes at least one of a short-to-power
anomalous state in which the opposite ends of the electrical
load are connected to the high potential and a wire breakage
anomalous state in which an energization path for applying
the pulse voltage to the electrical load is broken.

[0027] Namely, in the case where the electrical load is a
heater and the electrical characteristic of the electrical load is
the electrical resistance of the electrical load, the electrical
resistance of the electrical load upon supply of the anomaly
judgment current assumes the smallest value when the
anomalous state is the short-to-ground anomalous state,
assumes a larger value when the heater is in the normal state,
assumes a much larger value when the anomalous state is the
deteriorated state, and assumes the largest value when the
anomalous state is the particular anomalous state.

[0028] Therefore, it is possible to judge whether or not any
of a plurality of anomalous states of the electrical load has
occurred (whether the electrical load is in the normal state or
in one of the plurality of anomalous state) and determine the
type of the anomalous state (the short-to-ground anomalous
state, the deteriorated state, or the particular anomalous state)
on the basis of the results of the comparison between the
electrical resistance and the three thresholds.

[0029] Particularly, this load drive apparatus can judge the
deteriorated state of the electrical load without use of a cur-
rent detection resistor which is connected in series to the
electrical load and in parallel to the application voltage con-
trol section.

[0030] Therefore, this load drive apparatus can judge the
deteriorated state of the electrical load while employing a
configuration which can suppress an increase in production
cost and can suppress useless power consumption.

[0031] Notably, the first threshold, the second threshold,
and the third threshold may be set on the basis of, for example,
measurement results obtained by measuring the electrical
resistance of the electrical load in the short-to-ground anoma-
lous state, the normal state, the deteriorated state, and the
particular anomalous state. Namely, in one example, a bound-
ary value between the electrical resistance of the electrical
load in the short-to-ground anomalous state and the electrical
resistance of the electrical load in the normal state is set to be
used as the first threshold, a boundary value between the
electrical resistance of the electrical load in the normal state
and the electrical resistance of the electrical load in the dete-
riorated state is set to be used as the second threshold, and a
boundary value between the electrical resistance of the elec-
trical load in the deteriorated state and the electrical resistance
of'the electrical load in the particular anomalous state is set to
be used as the third threshold.
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[0032] Next, in the above-described load drive apparatus,
upon judging that the electric load is in the particular anoma-
lous state (i.e., in the case where the electrical resistance is
greater than the third threshold), the anomaly judgment sec-
tion may compare the voltage between the opposite ends of
the electrical load with a predetermined particular anomaly
judgment value when the pulse voltage assumes the low
potential or when the control of the pulse voltage by the
application voltage control section is not performed. On the
basis of the results of the comparison between the voltage
between the opposite ends of the electrical load and the par-
ticular anomaly judgment value, the anomaly judgment sec-
tion judges that the electrical load is in the short-to-power
anomalous state when the voltage between the opposite ends
of the electrical load is greater than the particular anomaly
judgment value or that the electrical load is in the wire break-
age anomalous state when the voltage between the opposite
ends of the electrical load is equal to or less than the particular
anomaly judgment value.

[0033] Namely, inthe case where the pulse voltage assumes
the low potential or the control of the pulse voltage by the
application voltage control section is not performed, the volt-
age between the opposite ends of the electrical load assumes
a smaller value when the wire breakage anomalous state has
occurred, as compared with the case where the short-to-
power anomalous state has occurred. Therefore, the judgment
as to whether the particular anomalous state is the short-to-
power anomalous state or the wire breakage anomalous state
can be made on the basis of the results of the comparison
between the voltage between the opposite ends of the electri-
cal load and the particular anomaly judgment value.

[0034] Therefore, according to this load drive apparatus, in
the case where the electrical load is judged to be in the
particular anomalous state, it is possible to determine whether
the particular anomalous state is the short-to-power anoma-
lous state or the wire breakage anomalous state.

[0035] Notably, the particular anomaly judgment value
may be set on the basis of, for example, measurement results
obtained by measuring the voltage between the opposite ends
of the electrical load in the short-to-power anomalous state
and the wire breakage anomalous state. Namely, in one
example, a boundary value between the voltage between the
opposite ends of the electrical load in the short-to-power
anomalous state and the voltage between the opposite ends of
the electrical load in the wire breakage anomalous state is set
to be used as the particular anomaly judgment value.

[0036] According to the load drive apparatus of the present
invention, it is possible to judge the deteriorated state of the
electrical load while employing a configuration which can
suppress an increase in production cost and suppress useless
power consumption.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] FIG. 1is an overall diagram of a load drive appara-
tus.
[0038] FIG. 2 is a flowchart showing the details of heater

anomaly judgment processing.
[0039] FIG. 3 is a time chart showing the states of various
portions regarding the load drive apparatus.

[0040] FIG. 4 is a flowchart showing the details of second
heater anomaly judgment processing.
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DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS OF THE INVENTION

[0041] Embodiments to which the present invention is
applied will be described with reference to the drawings.
[0042] Notably, needless to say, the present invention is not
limited to the following embodiments, and various forms may
be employed so long as they fall within the technical scope of
the present invention.

A. First Embodiment

[0043] 1-1. Overall Configuration

[0044] FIG. 1 is an overall diagram of a load drive appara-
tus 1 according to an embodiment of the present invention.
[0045] The load drive apparatus 1 is used for various pur-
poses, for example, for driving and controlling a heater 11
which heats a detection element (not shown) of a gas sensor 5,
for example, in a gas detection apparatus (not shown) which
includes the gas sensor 5 and a sensor control section (not
shown).

[0046] Notably, the gas sensor 5 is an oxygen sensor used
for detection of oxygen, and the detection element is mainly
made of a solid electrolyte material such as zirconia. The
heater 11 is a heater composed of a heat generation resistor
which generates heat when energized, and is provided so as to
heat the detection element to a predetermined activation tem-
perature (target temperature). Of terminals provided at oppo-
site ends of the heater 11, a high potential terminal H+ is
connected to a heater connection terminal Va, and a low
potential terminal H- is connected to a ground line (GND
potential).

[0047] The gas sensor 5 is provided on, for example, an
exhaust pipe of an internal combustion engine (engine) and is
used to detect the concentration of oxygen contained in
exhaust gas in a width range. The gas sensor 5 is also called a
linear lambda sensor.

[0048] The gas sensor 5 has a plurality of terminals (IP+
terminal, COM terminal, Vs+ terminal) connected to the
detection element. These terminals are connected to the sen-
sor control section for the purpose of gas detection. Notably,
the detailed description of the structures of the gas sensor 5
and the detection element is omitted herein.

[0049] The load drive apparatus 1 is an apparatus for apply-
ing a battery voltage VB (e.g., 12 V) output from a battery 7
to the heater 11 of the gas sensor 5. The load drive apparatus
1 controls the amount of electric power supplied to the heater
11 through PWM control of the voltage applied to the heater
11, to thereby control the amount of heat generated by the
heater 11. In other words, the load drive apparatus 1 drives
and controls the heater 11 in such a manner that the tempera-
ture of the detection element of the gas sensor 5 approaches
the activation temperature (target temperature) or is main-
tained at the activation temperature.

[0050] Theload drive apparatus 1 includes a control section
21, a switching section 23, a current supply section 25, a
voltage judgment section 27, a changeover switch section 51,
and an AD conversion section 53.

[0051] The control section 21 is an electronic control unit
(ECU) including a known microcomputer which has a RAM,
a ROM, a CPU, etc. (not shown).

[0052] The switching section 23 is composed of a P-type
power MOSFET. The source S of the MOSFET is connected
to a battery connection terminal HS, the gate G of the MOS-
FET is connected to the control section 21, and the drain D of
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the MOSFET is connected to the heater connection terminal
Va. The switching section 23 is configured to switch its state
in accordance with a first signal S1 from the control section 21
between an ON state in which the switching section 23 estab-
lishes electrical connection between the source S and the
drain D and an OFF state in which the switching section 23
does not establish electrical connection between the source S
and the drain D. Notably, in FIG. 1, the switching section 23
is schematically illustrated.

[0053] The current supply section 25 includes a first
switching element 31, a current generation section 33, a cur-
rent supply switch 35, and an amplifier 37.

[0054] The first switching element 31 is composed of an
FET. The gate of the first switching element 31 is connected
to an output terminal of the control section 21 from which a
third signal S3 is output, the drain of the first switching
element 31 is connected to the heater 11 through the heater
connection terminal Va, and the source of the first switching
element 31 is connected to the current generation section 33
through the current supply switch 35. Notably, the source of
the first switching element 31 is also connected to an input
terminal of the amplifier 37.

[0055] The current generation section 33 is composed of a
current source for generating constant current, and generates
an anomaly judgment current Th (e.g., 10 mA) which is sup-
plied to the heater 11 in order to judge whether or not the
heater 11 is anomalous. Namely, the current generation sec-
tion 33 instantaneously supplies the anomaly judgment cur-
rent Th to the heater 11 through the current supply switch 35
and the first switching element 31. A method of realizing the
instantaneous supply of the anomaly judgment current Th will
be described later.

[0056] The current supply switch 35 is configured to switch
its state in accordance with a second signal S2 from the
control section 21 between an ON state in which the current
supply switch 35 establish electrical connection between the
current generation section 33 and the source of the first
switching element 31 and an OFF state in which the current
supply switch 35 does not establish electrical connection
between the current generation section 33 and the source of
the first switching element 31.

[0057] The amplifier 37 amplifies an input potential input
to its input terminal and outputs the amplified potential (out-
put potential) from its output terminal to a first input terminal
51a of the changeover switch section 51.

[0058] In the current supply section 25, when the current
supply switch 35 is controlled to the ON state by the second
signal S2 from the control section 21 and the third signal S3
is controlled to a high level, the anomaly judgment current Th
output from the current generation section 33 is supplied to
the heater 11 through the current supply switch 35, the first
switching element 31, and the heater connection terminal Va.
Notably, at that time, the first switching element 31 becomes
the ON state due to the potential difference between the gate
and the source. Therefore, the first switching element 31
allows the flow of the anomaly judgment current Th from the
source toward the drain.

[0059] When the anomaly judgment current Th is supplied
to the heater 11, a voltage determined by the electrical resis-
tance RH of the heater 11 and the anomaly judgment current
Th is generated between the opposite ends of the heater 11. At
that time, the potential at the connection point between the
source of the first switching element 31 and the current supply
switch 35 changes in accordance with the voltage between the
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opposite ends of the heater 11, and the output potential of the
amplifier 37 changes in accordance with the voltage between
the opposite ends of the heater 11.

[0060] Notably, since the electrical resistance RH of the
heater 11 changes in accordance with the state (deteriorated
state) of the heater 11, the output potential of the amplifier 37
when the anomaly judgment current Th is supplied changes in
accordance with the state (deteriorated state) of the heater 11.
The electrical resistance RH of the heater 11 can be computed
on the basis of the current value of the anomaly judgment
current Th, the output potential of the amplifier 37, the ampli-
fication factor of the amplifier 37, etc.

[0061] Inthecase wherea GND shortanomaly ofthe heater
11 occurs, the potential at the connection point between the
source of the first switching element 31 and the current supply
switch 35 upon supply of the anomaly judgment current Th
becomes equal to a low potential (about 1 mV in the present
embodiment) which corresponds to the voltage generated
between the drain and source of the first switching element
31. Notably, the GND short anomaly of the heater 11 is an
anomalous state in which the high potential terminal H+ of
the heater 11 which is connected to the heater connection
terminal Va is connected to the ground line (GND potential).
[0062] In the case where a battery short anomaly of the
heater 11 or a wire breakage anomaly of the heater 11 occurs,
the potential at the connection point between the source of the
first switching element 31 and the current supply switch 35
upon supply of the anomaly judgment current Ih becomes
equal to a potential (about 3.3 V in the present embodiment)
which corresponds to the high-level potential of the third
signal S3 output from the control section 21.

[0063] Notably, the battery short anomaly of the heater 11
is an anomalous state in which the high potential terminal H+
of the heater 11 which is connected to the heater connection
terminal Va is always connected to a positive electrode poten-
tial line of the battery 7 (potential corresponding to the battery
voltage VB). Also, the wire breakage anomaly of the heater 11
is an anomalous state in which the energization path extend-
ing from the heater connection terminal Va to the ground line
through the high potential terminal H+ and the heater 11 is
broken at a certain location.

[0064] Notably, in the case where the battery short anomaly
of'the heater 11 occurs, the potential of the heater connection
terminal Va may become equal to the potential of the positive
electrode potential line of the battery 7 which is the highest
potential. However, the potential input to the amplifier 37 is
restricted by the first switching element 31 to a potential
corresponding to the high-level potential of the third signal
S3. As a result, the potential input to the amplifier 37 is
prevented from becoming a high potential such as that of the
positive electrode potential line of the battery 7, whereby
breakage of the amplifier 37 due to application of high voltage
can be prevented.

[0065] Namely, the current supply section 25 is configured
to instantaneously supply the anomaly judgment current [h to
the heater 11 and output to the first input terminal 51a of the
changeover switch section 51 an output potential correspond-
ing to the state (deteriorated state) of the heater 11 at that time
or the anomalous state (the GND short anomalous state of the
heater 11, the battery short anomalous state of the heater 11,
or the wire breakage anomalous state of the heater 11).
[0066] The voltage judgment section 27 includes a second
switching element 41, a first resistor element R1, and a second
resistor element R2.
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[0067] The second switching element 41 is composed of an
FET. The gate of the second switching element 41 is con-
nected to the output terminal of the control section 21 from
which the third signal S3 is output, the drain of the second
switching element 41 is connected to the heater 11 through
the first resistor element R1 and the heater connection termi-
nal Va, and the source of the second switching element 41 is
connected to the ground line through the second resistor
element R2. Notably, the source of the second switching
element 41 is also connected to a second input terminal 515 of
the changeover switch section 51.

[0068] The second switching element 41 becomes an ON
state when the third signal S3 becomes the high-level poten-
tial and becomes an OFF state when the third signal S3
becomes the low-level potential.

[0069] Therefore, for example, in the case of the battery
short anomaly of the heater 11, when the second switching
element 41 becomes the ON state, a current flows from the
heater 11 to the ground line through the first resistor element
R1, the second switching element 41, and the second resistor
element R2, whereby a voltage is generated across the second
resistor element R2. Also, for example, in the case of the wire
breakage anomaly of the heater 11, even when the second
switching element 41 becomes the ON state, no current flows
through the first resistor element R1, the second switching
element 41, and the second resistor element R2, and no volt-
age is generated across the second resistor element R2.
[0070] Namely, the voltage generated across the second
resistor element R2 assumes different values between the
case where the battery short anomaly of the heater 11 occurs
and the case where the wire breakage anomaly of the heater
11 occurs. Also, since the voltage generated across the second
resistor element R2 changes in accordance with the voltage
between the opposite ends of the heater 11, the voltage
between the opposite ends of the heater 11 can be detected on
the basis of the voltage generated across the second resistor
element R2.

[0071] The connection point between the source of the
second switching element 41 and the second resistor element
R2 is connected to the second input terminal 515 of the
changeover switch section 51, and the voltage judgment sec-
tion 27 outputs to the second input terminal 515 of the
changeover switch section 51 an output potential correspond-
ing to the potential generated across the second resistor ele-
ment R2.

[0072] Namely, the voltage judgment section 27 is config-
ured such that when the third signal S3 is controlled to the
high-level potential and the second switching element 41
becomes the ON state, the voltage judgment section 27 out-
puts to the second input terminal 515 of the changeover
switch section 51 an output potential corresponding to the
battery short anomalous state of the heater 11 or the wire
breakage anomalous state of the heater 11.

[0073] The changeover switch section 51 has two input
terminals (the first input terminal 51a and the second input
terminal 51b) and a single output terminal 51c. The
changeover switch section 51 is configured to switch the input
terminal to be connected to the output terminal 51¢ between
the first input terminal 51a and the second input terminal 515
on the basis of a fourth signal S4 output from the control
section 21. Namely, the changeover switch section 51 is con-
figured to selectively establish connection between the cur-
rent supply section 25 and the AD conversion section 53 and
connection between the voltage judgment section 27 and the
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AD conversion section 53 on the basis of the fourth signal S4
output from the control section 21.

[0074] The AD conversion section 53 is configured to con-
vert an input analog signal to a digital signal and outputs the
digital signal to the control section 21.

[0075] 1-2. Control Section:

[0076] The control section 21 executes various types of
control processes such as gas detection processing, heater
energization processing, and heater anomaly judgment pro-
cessing.

[0077] The gas detection processing is processing of driv-
ing and controlling the detection element of the gas sensor 5
to thereby detect a particular gas (oxygen) contained in a gas
under measurement (exhaust gas, etc.). For example, the gas
detection processing executes processing for the gas sensor 5
in order to perform pumping (pumping in or pumping out) of
oxygen such that the oxygen concentration within a measure-
ment chamber into which exhaust gas has been introduced
becomes equal to a predetermined target concentration (e.g.,
an oxygen concentration corresponding to the theoretical air-
fuel ratio) and linearly detect the concentration of oxygen
contained in the gas under measurement on the basis of a
pump current Ip used for the pumping of oxygen.

[0078] The heater energization processing is processing of
outputting, as a voltage applied to the heater 11, a pulse
voltage which alternately assumes a high-level potential (e.g.,
a potential corresponding to the battery voltage VB) and a
low-level potential (e.g., the ground potential (0 V)) and
controlling the voltage applied to the heater 11, by means of
PWM control, such that the temperature of the detection
element of the gas sensor 5 approaches the activation tem-
perature (the target temperature) or is maintained at the acti-
vation temperature. Namely, in the heater energization pro-
cessing, the duty ratio of the voltage (pulse voltage) applied to
the heater 11 is controlled in accordance with the difference
between the temperature of the detection element of the gas
sensor 5 and the target temperature, so that the temperature of
the detection element of the gas sensor 5 approaches the
activation temperature (the target temperature).

[0079] 1-3. Heater Anomaly Judgment Processing:

[0080] Next, the heater anomaly judgment processing will
be described.

[0081] FIG. 2 shows a flowchart representing the details of

the heater anomaly judgment processing. Notably, the heater
anomaly judgment processing is repeatedly executed at pre-
determined intervals.

[0082] When the heater anomaly judgment processing is
started, in S110 (S stands for “step™), the control section 21
first judges whether or not the voltage Vpwm applied to the
heater 11 by the heater energization processing is the low-
level potential. When the control section 21 makes an affir-
mative judgment, the control section 21 proceeds to S120.
When the control section 21 makes a negative judgment, the
control section 21 ends the present processing (the heater
anomaly judgment processing).

[0083] When the control section 21 proceeds to S120 as a
result of the affirmative judgment in S110, in S120, the con-
trol section 21 executes processing of measuring the electrical
resistance RH of the heater 11 through use of the current
supply section 25.

[0084] Specifically, the control section 21 outputs the sec-
ond signal S2 to the current supply switch 35 so as to control
the current supply switch 35 to the ON state, and outputs the
fourth signal S4 to the changeover switch section 51 such that



US 2016/0161542 Al

the changeover switch section 51 establishes the connection
between the current supply section 25 and the AD conversion
section 53. Also, the control section 21 outputs the third signal
S3 having a high-level potential to the first switching element
31 of the current supply section 25 so as to control the first
switching element 31 to the ON state.

[0085] As a result of the output of the second signal S2 for
bringing the current supply switch 35 into the ON state and
the output of the third signal S3 for bringing the first switch-
ing element 31 into the ON state, the current supply switch 35
and the first switching element 31 of the current supply sec-
tion 25 are controlled to their ON states. As a result, the
anomaly judgment current Ih output from the current genera-
tion section 33 is supplied to the heater 11 through the current
supply switch 35, the first switching element 31, and the
heater connection terminal Va.

[0086] The output potential of the amplifier 37 upon supply
of the anomaly judgment current Ih is input to the AD con-
version section 53 through the changeover switch section 51,
is converted to a digital value by the AD conversion section
53, and the digital value is input to the control section 21. The
control section 21 computes the electrical resistance RH of
the heater 11 on the basis of pieces of information, such as the
current value of the anomaly judgment current Ih, the output
potential of the amplifier 37, and the amplification factor of
the amplifier 37, and a predetermined computation expres-
sion, a map, or the like. Notably, the supply of the anomaly
judgment current Th is instantaneous supply which becomes
necessary at the time of computation of the electrical resis-
tance RH of the heater 11 at S120. Therefore, after having
obtained the AD-converted value from the AD conversion
section 53, the control section 21 outputs the second signal S2
s0 as to control the current supply switch 35 to the OFF state
and outputs the third signal S3 so as to control the first switch-
ing element 31 to the OFF state.

[0087] In the next step; i.e., S130, the control section 21
judges whether or not the electrical resistance RH of the
heater 11 measured in S120 is greater than a predetermined
third threshold Rth3. When the control section 21 makes an
affirmative judgment, the control section 21 proceeds to
S190. When the control section 21 makes a negative judg-
ment, the control section 21 proceeds to S140.

[0088] Notably, a boundary value (2022 in present embodi-
ment) between the electrical resistance RH of the heater 11 in
the deteriorated state and the electrical resistance RH of the
heater 11 in a particular anomalous state (the battery short
anomalous state or the wire breakage anomalous state) is set
as the third threshold Rth3.

[0089] When the control section 21 proceeds to S140 as a
result of the negative judgment in S130, in S140, the control
section 21 judges whether or not the electrical resistance RH
of the heater 11 measured in S120 is greater than a predeter-
mined second threshold Rth2. When the control section 21
makes an affirmative judgment, the control section 21 pro-
ceeds to S150. When the control section 21 makes a negative
judgment, the control section 21 proceeds to S160.

[0090] Notably, a boundary value (162 in present embodi-
ment) between the electrical resistance RH of the heater 11 in
the deteriorated state and the electrical resistance RH of the
heater 11 in the normal state is set as the second threshold
Rth2.
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[0091] When the control section 21 proceeds to S150 as a
result of the affirmative judgment in S140, in S150, the con-
trol section 21 determines that the heater 11 is in the deterio-
rated state.

[0092] When the control section 21 proceeds to S160 as a
result of the negative judgment in S140, in S160, the control
section 21 judges whether or not the electrical resistance RH
of the heater 11 measured in S120 is greater than a predeter-
mined first threshold Rthl. When the control section 21
makes an affirmative judgment, the control section 21 pro-
ceeds to S170. When the control section 21 makes a negative
judgment, the control section 21 proceeds to S180.

[0093] Notably, a boundary value (2€2 in present embodi-
ment) between the electrical resistance RH of the heater 11 in
the normal state and the electrical resistance RH of the heater
11 in the GND short anomalous state is set as the first thresh-
old Rth1.

[0094] The values of the first threshold Rth1, the second
threshold Rth2, and the third threshold Rth3 are set on the
basis of measurement results obtained by measuring the elec-
trical resistance RH of the heater 11 in each of the GND short
anomalous state, the normal state, the deteriorated state, and
the particular anomalous state.

[0095] When the control section 21 proceeds to S170 as a
result of the affirmative judgment in S160, in S170, the con-
trol section 21 determines that the heater 11 is in the normal
state.

[0096] When the control section 21 proceeds to S180 as a
result of the negative judgment in S160, in S180, the control
section 21 determines that the heater 11 is in the GND short
anomalous state.

[0097] When the control section 21 proceeds to S190 as a
result of the affirmative judgment in S130, in S190, the con-
trol section 21 judges whether or not the voltage Vpwm
applied to the heater 11 by the heater energization processing
is the low-level potential. When the control section 21 makes
an affirmative judgment, the control section 21 proceeds to
S200. When the control section 21 makes a negative judg-
ment, the control section 21 ends the present processing (the
heater anomaly judgment processing).

[0098] When the control section 21 proceeds to S200 as a
result of the affirmative judgment in S190, in S200, the con-
trol section 21 executes processing of measuring the voltage
VH between the opposite ends of the heater 11 through use of
the voltage judgment section 27.

[0099] Specifically, the control section 21 outputs the third
signal S3 having the high-level potential to the second switch-
ing element 41 so as to control the second switching element
41 to the ON state and outputs the fourth signal S4 to the
changeover switch section 51 such that the changeover switch
section 51 establishes the connection between the voltage
judgment section 27 and the AD conversion section 53. Nota-
bly, at that time, the first switching element 31 is also con-
trolled to the ON state. However, since the current supply
switch 35 is in the OFF state, the anomaly judgment current Th
is not supplied to the heater 11.

[0100] As aresultof'the output ofthe third signal S3 having
the high-level potential, the second switching element 41 of
the voltage judgment section 27 is controlled to the ON state,
whereby the energization path which extends from the heater
11 to the ground line (the GND potential) through the first
resistor element R1, the second switching element 41, and the
second resistor element R2 is formed.



US 2016/0161542 Al

[0101] Since the voltage judgment section 27 is connected
to the AD conversion section 53 as a result of the output of the
fourth signal S4, an output potential (analog value) corre-
sponding to the voltage generated across the second resistor
element R2 is input to the AD conversion section 53 through
the changeover switch section 51. The AD-converted output
potential (digital value) output from the AD conversion sec-
tion 53 is input to the control section 21. Notably, after the
control section 21 has obtained this output potential, it is
unnecessary to control the second switching element 41 to the
ON state. Therefore, the control section 21 outputs the third
signal S3 such that the second switching element 41 is con-
trolled to the OFF state (outputs the third signal S3 having a
low-level potential to the second switching element 41). The
control section 21 computes the voltage VH between the
opposite ends of the heater 11 on the basis of the information
of the output potential (digital value) corresponding to the
voltage across the second resistor element R2, and a prede-
termined computation expression, a map or the like.

[0102] In the next step; i.e., S210, the control section 21
judges whether or not the voltage VH between the opposite
ends of the heater 11 measured in S200 is greater than a
predetermined particular anomaly judgment value Vth. When
the control section 21 makes an affirmative judgment, the
control section 21 proceeds to S220. When the control section
21 makes a negative judgment, the control section 21 pro-
ceeds to S230.

[0103] Notably, the particular anomaly judgment value Vth
is set in advance on the basis of measurement results obtained
by measuring the voltage between the opposite ends of the
heater 11 through use of the voltage judgment section 27
when the battery short anomaly of the heater 11 occurred and
when the wire breakage anomaly of the heater 11 occurred.
Namely, a boundary value (5.0 V in the present embodiment)
between the voltage between the opposite ends of the heater
11 atthe time of the battery short anomaly of the heater 11 and
the voltage between the opposite ends of the heater 11 at the
time ofthe wire breakage anomaly of the heater 11 is set as the
particular anomaly judgment value Vth.

[0104] When the control section 21 proceeds to S220 as a
result of the affirmative judgment in S210, in S220, the con-
trol section 21 determines that the heater 11 is in the battery
short anomalous state.

[0105] When the control section 21 proceeds to S230 as a
result of the negative judgment in S210, in S230, the control
section 21 determines that the heater 11 is in the wire break-
age anomalous state.

[0106] When the processing of S150, S170, S180, S220, or
S230 ends, the control section 21 ends the present processing
(the heater anomaly judgment processing).

[0107] Asdescribedabove, in the heater anomaly judgment
processing, when the voltage Vpwm applied to the heater 11
is the low-level potential (affirmative judgment in S110), the
anomaly judgment current Ih is supplied to the heater 11, and
the electrical resistance RH of the heater 11 is measured
(S120).

[0108] Then, a judgment as to whether or not a deteriorated
state of the heater 11 has occurred and a judgment as to
whether or not an anomalous state of the heater 11 has
occurred are made on the basis of the electrical resistance RH
of'the heater 11 upon supply of the anomaly judgment current
Th. Specifically, the judgment as to whether or not any of
anomalous states of the heater 11 has occurred is made on the
basis of the results of the comparison between the electrical
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resistance RH of the heater 11 and three thresholds (the first
threshold Rthl, the second threshold Rth2, and the third
threshold Rth3). The anomalous states which are judged on
the basis of the results of the comparison include the deterio-
rated state (S150), the GND short anomalous state (S180),
and the particular anomalous state (the battery short anoma-
lous state (S220) and the wire breakage anomalous state
(S230)).

[0109] In the case where the control section 21 judges that
the particular anomalous state (the battery short anomalous
state or the wire breakage anomalous state) has occurred
(affirmative judgment in S130), the control section 21 judges
whether the particular anomalous state is the battery short
anomalous state (S220) or the wire breakage anomalous state
(S230) on the basis of the results of the comparison between
the particular anomaly judgment value Vth and the voltage
VH between the opposite ends of the heater 11 measured in
S200.

[0110] FIG. 3 is a time chart showing the states of various
portions regarding the load drive apparatus 1 of the present
embodiment; specifically, the state of the heater voltage (the
voltage between the opposite ends of the heater 11), the state
of' a measurement permission flag, the state of heater resis-
tance measurement, and AD sections.

[0111] The heater voltage is the voltage between the oppo-
site ends of the heater 11. When the heater 11 is normal,
during a high-level period WH of a single cycle WA of the
PWM control, the heater voltage is at a high level because a
voltage is applied to the heater 11 through the switching
section 23 in the ON state. Also, when the heater 11 is normal,
during a low-level period WL of the single cycle WA of the
PWM control, the heater voltage is at a low level because the
application of the voltage to the heater 11 through the switch-
ing section 23 is not performed.

[0112] Notably, in addition to the heater voltage at the time
when the heater 11 is normal, FIG. 3 shows the heater voltage
at the time of the wire breakage anomaly of the heater 11 and
the heater voltage at the time of the battery short anomaly of
the heater 11 by dashed lines.

[0113] The measurement permission flag is a flag which
represents whether or not the measurement of the electrical
resistance RH of the heater 11 through use of the current
supply section 25 and the measurement of the voltage VH
between the opposite ends of the heater 11 through use of the
voltage judgment section 27 are permitted. Periods during
which the measurement permission flag is at the high level are
permitted periods TA, and periods during which the measure-
ment permission flag is at the low level are unpermitted peri-
ods TF.

[0114] Notably, each unpermitted period TF contains not
only the high-level period WH of the heater voltage butalso a
predetermined wait period TW following the end of the high-
level period WH. Namely, immediately after the heater volt-
age is switched from the high level to the low level, a noise
component due to voltage fluctuation or the like is generated
and the measurement may be adversely affected thereby.
Therefore, the influence of the noise component or the like is
suppressed by determining the unpermitted periods TF such
that each unpermitted period TF contains the wait period TW
following the end of the high-level period WH.

[0115] The state of heater resistance measurement shows
periods during which the electrical resistance RH of the
heater 11 is measured through use of the current supply sec-
tion 25 and periods during which the electrical resistance RH
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of the heater 11 is not measured. In FIG. 3, the high level
represents the periods during which the electrical resistance
RH is measured, and the low level represents the periods
during which the electrical resistance RH is not measured.
[0116] The AD sections show each cycle of AD conversion
performed by the AD conversion section 53. In the present
embodiment, a cycle having six types of sections (section 1 to
section 6) is repeated. The AD conversion in the measurement
of'the electrical resistance RH of the heater 11 through use of
the current supply section 25 is performed in section 5, and
the AD conversion in the measurement of the voltage VH
between the opposite ends of the heater 11 through use of the
voltage judgment section 27 is performed in section 6.
[0117] Notably, in the periods during which the measure-
ment permission flag is at the low level (unpermitted periods
TF), even when the section 5 or the section 6 comes, the
measurement of the electrical resistance RH of the heater 11
or the measurement of the voltage VH between the opposite
ends of the heater 11 is not performed. Therefore, in FIG. 3,
the sections 5 and 6 during the unpermitted periods TF are
omitted.

[0118] As shown in FIG. 3, the heater voltage when the
heater 11 is normal remains at the high level in the high-level
period WH and remains at the low level in the low-level
period WL. In each low-level period WL at the time when the
heater 11 is normal, the heater voltage slightly changes at
points at which the measurement of the heater resistance is
performed (when the AD section is the section 5) due to the
supply of the anomaly judgment current Th to the heater 11.
Also, in each low-level period WL at the time when the heater
11 is normal, the heater voltage remains at the low level and
does not change at points at which the voltage VH between
the opposite ends of the heater 11 is measured (when the AD
section is the section 6).

[0119] Next, the heater voltage at the time when the wire
breakage anomaly ofthe heater 11 has occurred remains at the
high level in the high-level period WH, and decreases in the
low-level period WL. Specifically, the heater voltage gradu-
ally decreases immediately after the start of the low-level
period WL and becomes the low level before elapse of the
wait period TW.

[0120] Also, in each low-level period WL at the time when
the wire breakage anomaly of the heater 11 has occurred, the
heater voltage assumes a potential corresponding to the high-
level potential of the third signal S3 at points at which the
measurement of the heater resistance is performed (when the
AD section is the section 5) as a result of the instantaneous
supply of the anomaly judgment current Th to the heater 11.
Notably, after the end of the heater resistance measurement,
the heater voltage gradually decreases and finally becomes
the low level.

[0121] Further, the heater voltage at the time when the
battery short anomaly of the heater 11 has occurred remains at
the high level in both of the high-level period WH and the
low-level period WL. Also, when the battery short anomaly of
the heater 11 has occurred, in the low-level period WL, the
heater voltage remains at the high level at both of the points at
which the measurement of the heater resistance is performed
(when the AD section is the section 5) and the points at which
the voltage VH between the opposite ends of the heater 11 is
measured (when the AD section is the section 6).

[0122] 1-4. Effects:

[0123] Asdescribed above, the load drive apparatus 1 of the
present embodiment includes the control section 21, the
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switching section 23, the current supply section 25, the volt-
age judgment section 27, the changeover switch section 51,
and the AD conversion section 53, and drives and controls the
heater 11 of the gas sensor 5.

[0124] The control section 21 controls the operation of the
switching section 23 by executing the heater energization
processing, to thereby apply to the heater 11 a pulse voltage
which alternately assumes a high-level potential and a low-
level potential. Atthat time, the control section 21 controls the
voltage applied to the heater 11, by means of PWM control,
such that the temperature of the detection element of the gas
sensor 5 approaches the activation temperature (the target
temperature) or is maintained at the activation temperature.
Namely, the load drive apparatus 1 drives and controls the
heater 11 through use of the control section 21 and the switch-
ing section 23 which apply a pulse voltage to the heater 11.
[0125] The current supply section 25 controlled by the sec-
ond signal S2 from the control section 21 instantaneously
supplies the anomaly judgment current Ih to the heater 11
when the voltage Vpwm applied to the heater 11 assumes the
low-level potential. Subsequently, the control section 21
computes the electrical resistance RH of the heater 11 on the
basis of pieces of information, such as the current value of the
anomaly judgment current lh, the output potential of the
amplifier 37, and the amplification factor of the amplifier 37,
and a predetermined computation expression, a map, or the
like (S120).

[0126] Further, on the basis of the electrical resistance RH
of'the heater 11 upon supply of the anomaly judgment current
Th, the control section 21 judges whether or not any of the
anomalous states of the heater 11 has occurred. The anoma-
lous states include at least the deteriorated state of the heater
11 and the wiring anomalous states of the heater 11 (the GND
short anomalous state, the battery short anomalous state, and
the wire breakage anomalous state).

[0127] Inthe load drive apparatus 1, the anomalous state is
judged on the basis of the electrical characteristic (the elec-
trical resistance RH) of the heater 11 at the time when the
anomaly judgment current Th is supplied by the current sup-
ply section 25, instead of the electrical characteristic (the
electrical resistance RH) of the heater 11 at the time when the
high-level voltage Vpwm is applied to the heater 11.

[0128] Namely, the electrical characteristic of the heater 11
upon supply of the anomaly judgment current [his detected in
a state in which the influence of the high-level application
voltage Vpwm for driving the heater 11 is removed. There-
fore, the detected electrical characteristic corresponds to
(represents) the actual state of the heater 11. Therefore, use of
the load drive apparatus 1 allows detection of a state of the
heater 11 which is difficult to detect when the high-level
voltage Vpwm is applied to the heater 11.

[0129] Also, since the load drive apparatus 1 eliminates the
necessity of a current detection resistor which would other-
wise be connected in series to the heater 11 and in parallel to
the switching section 23, an increase in production cost
caused by an expensive current detection resistor can be sup-
pressed. Further, the load drive apparatus 1 can realize a
configuration which eliminates the necessity of always sup-
plying current to the heater 11 for detection of the deteriorated
state and the wiring anomalous states of the heater 11.
[0130] Also, in the load drive apparatus 1, by executing the
heater anomaly judgment processing, the control section 21
measures the electrical resistance RH of the heater 11 and
judges whether or not an anomalous state of the heater 11 has
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occurred on the basis of the results of the comparison between
the electrical resistance RH and three thresholds (the first
threshold Rthl, the second threshold Rth2, and the third
threshold Rth3).

[0131] In the heater anomaly judgment processing, when
the electrical resistance RH is equal to or less than the first
threshold Rth1 (negative judgment in S160), the control sec-
tion 21 judges that the heater 11 is in the GND short anoma-
lous state (S180). Also, in the heater anomaly judgment pro-
cessing, when the electrical resistance RH is greater than the
first threshold Rthl and equal to or less than the second
threshold Rth2 (affirmative judgment in S160), the control
section 21 judges that the heater 11 is in the normal state
(S170). Further, in the heater anomaly judgment processing,
when the electrical resistance RH is greater than the second
threshold Rth2 and is equal to or less than the third threshold
Rth3 (affirmative judgment in S140), the control section 21
judges that the heater 11 is in the deteriorated state (S150).
[0132] Also, in the heater anomaly judgment processing,
when the electrical resistance RH is greater than the third
threshold Rth3 (affirmative judgment in S130), the control
section 21 judges that the heater 11 is in the particular anoma-
lous state (the battery short anomalous state or the wire break-
age anomalous state).

[0133] In the heater anomaly judgment processing, when
the control section 21 judges that the heater 11 is in the
particular anomalous state (the battery short anomalous state
or the wire breakage anomalous state) (affirmative judgment
in S130), the control section 21 judges whether the heater 11
is in the battery short anomalous state (S220) or the wire
breakage anomalous state (S230) on the basis of the results of
the comparison between the particular anomaly judgment
value Vth and the voltage VH between the opposite ends of
the heater 11 measured in S200.

[0134] Since the heater 11 is composed of a so-called heat
generation resistor, the electrical resistance RH of the heater
11 assumes the smallest value when the heater 11 is in the
GND short anomalous state, assumes a larger value when the
heater 11 is in the normal state, assumes a much larger value
when the heater 11 is in the deteriorated state, and assumes the
largest value when the heater 11 is in the particular anomalous
state. Therefore, it is possible to judge whether or not an
anomalous state has occurred (whether the heater 11 is in the
normal state or in the anomalous state) and determine the type
of'the anomalous state (the short-to-ground anomalous state,
the deteriorated state, or the particular anomalous state) on
the basis of the results of the comparison between the elec-
trical resistance RH and the three thresholds.

[0135] Also, in the heater anomaly judgment processing,
when the electrical resistance RH is greater than the third
threshold Rth3 and the control section 21 judges that the
heater 11 is in the particular anomalous state (the battery short
anomalous state or the wire breakage anomalous state) (affir-
mative judgment in S130), the control section 21 measures
the voltage VH between the opposite ends of the heater 11
through use of the voltage judgment section 27 (5S200) when
the voltage Vpwm applied to the heater 11 assumes the low-
level potential (affirmative judgment in S190).

[0136] The control section 21 compares the voltage VH
between the opposite ends of the heater 11 measured in S200
with the particular anomaly judgment value Vth (S210), and
judges whether the heater 11 is in the battery short anomalous
state (S220) or in the wire breakage anomalous state (S230)
on the basis of the results of the comparison. Specifically, in
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the case where the voltage VH is greater than the particular
anomaly judgment value Vth (affirmative judgment in S210),
the control section 21 judges that the heater 11 is in the battery
short anomalous state, and in the case where the voltage VH
is equal to or less than the particular anomaly judgment value
Vth (negative judgment in S210), the control section 21
judges that the heater 11 is in the wire breakage anomalous
state.

[0137] Namely, in the case where the applied voltage
Vpwm assumes the low-level potential, the voltage VH
between the opposite ends of the heater 11 assumes a smaller
value when the wire breakage anomalous state has occurred,
as compared with the case where the battery short anomalous
state has occurred. Therefore, the judgment as to whether the
particular anomalous state is the battery short anomalous
state or the wire breakage anomalous state can be made on the
basis of the results of the comparison between the voltage VH
between the opposite ends of the heater 11 and the particular
anomaly judgment value Vth.

[0138] Therefore, according to the load drive apparatus 1,
in the case where the heater 11 is judged to be in the particular
anomalous state, it is possible to judge whether the particular
anomalous state is the battery short anomalous state or the
wire breakage anomalous state.

[0139] 1-5. Correspondence Between Embodiment and
Claims:
[0140] A description will be given of the correspondence

between terms used in clams and terms used in the present
embodiment.

[0141] The heater 11 is an example of the electrical load;
the electrical resistance RH is an example of the electrical
characteristic of the electrical load; and the application volt-
age Vpwm is an example of the pulse voltage. The control
section 21 which executes the heater energization processing
and the switching section 23 are an example ofthe application
voltage control section; the control section 21 which executes
S120 of the heater anomaly judgment processing and the
current supply section 25 are an example of the current supply
section; and the control section 21 which executes S130 to
S230 of the heater anomaly judgment processing is an
example of the anomaly judgment section.

[0142] The GND shortanomalous state is an example ofthe
short-to-ground anomalous state; and the battery short
anomalous state is an example of the short-to-power anoma-
lous state.

2. Second Embodiment

[0143] In the case of the above-described embodiment, in
the heater anomaly judgment processing, the measurement of
the voltage VH between the opposite ends of the heater 11
(S200) is performed when the voltage Vpwm applied to the
heater 11 by the heater energization processing assumes the
low-level potential (affirmative judgment in S190). However,
the load drive apparatus of the present invention is not limited
to such a configuration.

[0144] A second load drive apparatus which executes sec-
ond heater anomaly judgment processing in which the mea-
surement of the voltage VH between the opposite ends of the
heater 11 is performed when the heater energization process-
ing is stopped will be described as a second embodiment.
[0145] Since the hardware configuration of the second load
drive apparatus is identical to that of the above-described load
drive apparatus 1, its description is omitted.



US 2016/0161542 Al

[0146] FIG. 4 shows a flowchart representing the details of
the second heater anomaly judgment processing.

[0147] Notably, although the second heater anomaly judg-
ment processing differs from the heater anomaly judgment
processing of the above-described embodiment in that S190
is replaced with S195 and S240 is added after S220 or S230,
the remaining portion of the processing is identical with that
of the heater anomaly judgment processing of the above-
described embodiment. Therefore, in the description of the
second load drive apparatus, the portions of the second heater
anomaly judgment processing which differ from the heater
anomaly judgment processing of the above-described
embodiment will be mainly described.

[0148] In the second heater anomaly judgment processing,
in S130, the control section 21 judges whether or not the
electrical resistance RH of the heater 11 measured in S120 is
greater than the predetermined third threshold Rth3. When
the control section 21 makes an affirmative judgment, the
control section 21 proceeds to S195. When the control section
21 makes a negative judgment, the control section 21 pro-
ceeds to S140.

[0149] Inthe case where the control section 21 proceeds to
S195 as a result of the affirmative judgment in S130, in S195,
the control section 21 performs processing of stopping the
heater energization processing and waiting until a predeter-
mined time (1.0 sec. in the present embodiment) elapses.
Namely, the control section 21 stops the application of the
voltage Vpwm to the heater 11 (in other words, stops the
PWM control of the applied voltage Vpwm) by stopping the
heater energization processing and waits for a predetermined
time. Notably, by waiting for the predetermined time, the
control section 21 prevents a noise component, etc. which are
generated due to voltage fluctuation immediately after the
stoppage of the applied voltage Vpwm from adversely affect-
ing the measurement of the voltage VH between the opposite
ends of the heater 11.

[0150] When the processing for waiting in S195 ends, the
control section 21 proceeds to S200. In S200, the control
section 21 performs processing of measuring the voltage VH
between the opposite ends of the heater 11 through use of the
voltage judgment section 27. Namely, the control section 21
measures the voltage VH between the opposite ends of the
heater 11 in a state in which the application of the voltage
Vpwm to the heater 11 is stopped.

[0151] Also, in the second heater anomaly judgment pro-
cessing, when the processing of S220 or S230 ends, the con-
trol section 21 proceeds to S240. In S240, the control section
21 performs processing of resuming the heater energization
processing. Namely, by resuming the heater energization pro-
cessing stopped in S195, the control section 21 resumes the
duty control of the voltage (pulse voltage) applied to the
heater 11 to thereby resume the processing of causing the
temperature of the detection element of the gas sensor 5 to
approach the activation temperature (the target temperature).
[0152] When the control section 21 makes a negative judg-
ment in S110 or completes the processing of S150, S170,
S180, or S240, the control section 21 ends the present pro-
cessing (the second heater anomaly judgment processing).
[0153] As described above, like the load drive apparatus 1
of the above-described embodiment, the second load drive
apparatus which executes the second heater anomaly judg-
ment processing judges whether or not an anomalous state
(the deteriorated state or the wiring anomalous state) of the
heater 11 has occurred on the basis of the results of the
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comparison between the electrical resistance RH of the heater
11 and three thresholds (the first threshold Rthl, the second
threshold Rth2, and the third threshold Rth3).

[0154] Also, in the second heater anomaly judgment pro-
cessing, as in the above-described heater anomaly judgment
processing, when the control section 21 judges that the par-
ticular anomalous state (the battery short anomalous state or
the wire breakage anomalous state) has occurred (affirmative
judgment in S130), the control section 21 judges whether the
particular anomalous state is the battery short anomalous
state (S220) or the wire breakage anomalous state (S230) on
the basis of the results of the comparison between the par-
ticular anomaly judgment value Vth and the voltage VH
between the opposite ends of the heater 11 measured in S200.
[0155] Accordingly, like the load drive apparatus 1, the
second load drive apparatus can judge the deteriorated state of
the heater 11 while employing a configuration which can
suppress an increase in production cost and can suppress
useless power consumption.

3. Other Embodiments

[0156] Although embodiments of the present invention
have been described, the present invention is not limited to the
above-described embodiments, and the present invention can
be implemented in various forms without departing from the
technical scope of the present invention.

[0157] For example, the electrical load driven and con-
trolled by the load drive apparatus is not limited to a heater for
a sensor in which a solid electrolyte body is used, and may be
other electrical loads. Examples of other electrical loads
include a heater for heating fluid, a heater of a glow plug, a
heater for heating and removing particulates which adhere to
a sensor for detecting particulates such as soot, an LED, a
coil-type load, and a heater for a sensor in which a metal-
oxide semiconductor is used.

[0158] The numerical values of the three thresholds (the
first threshold Rth1, the second threshold Rth2, and the third
threshold Rth3) and the particular anomaly judgment value
Vth are not limited to the above-described numerical values,
and proper values may be set in accordance with various
conditions such as use, apparatus configuration, etc.

[0159] Also, the third signal S3 output from the control
section 21 may be always maintained at the high level without
being switched between the high level and the low level
during the heater anomaly judgment processing. Even in the
case where the third signal S3 is always maintained at the high
level, the anomaly judgment current Th can be supplied
instantaneously by turning the current supply switch 35 on
and off. Notably, in the case where the third signal S3 is
always maintained at the high level, the resistances of the first
resistor element R1 and the second resistor element R2 of the
voltage judgment section 27 must be set to values sufficiently
larger than the resistance of the heater 11 so that when the
switching section 23 is in the ON state, the current supplied
from the battery 7 is supplied to the heater 11, not to the
voltage judgment section 27.

[0160] Further, the load drive apparatus may be configured
such that when the wiring anomalous state (the GND short
anomalous state, the battery short anomalous state, or the
wire breakage anomalous state) of the electrical load (the
heater 11) is detected in the heater anomaly judgment pro-
cessing, the heater energization processing and the gas detec-
tion processing are stopped. This configuration can prevent
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breakage of the gas sensor 5 which would otherwise occur
due to the wiring anomalous state of the heater 11.

[0161] Notably, when the deteriorated state is detected, the
heater energization processing and the gas detection process-
ing may be continued without stopping them. In this case, the
accuracy of the temperature control by the heater and the
accuracy of the gas detection by the gas sensor may decrease.
However, there is the advantage that the temperature control
and the gas detection can be continued. Also, the load drive
apparatus may be configured that, when the deteriorated state
or the wiring anomalous state of the electrical load is detected
in the heater anomaly judgment processing, the type of the
detected anomalous state is stored, in an identifiable form, in
a storage device (ROM) provided in the control section 21 or
an external storage device, or the type of the detected anoma-
lous state is reported to the outside in an identifiable form.

DESCRIPTION OF REFERENCE NUMERALS

[0162] 1:load drive apparatus

[0163] 5: gas sensor

[0164] 7: battery

[0165] 11: heater

[0166] 21: control section

[0167] 23: switching section

[0168] 25: current supply section
[0169] 27: voltage judgment section
[0170] 31: first switching element
[0171] 33: current generation section
[0172] 35: current supply switch
[0173] 37: amplifier

[0174] 41: second switching element
[0175] 51: changeover switch section
[0176] 53: AD conversion section.

What is claimed is:

1. A load drive apparatus which includes an application
voltage control section for applying a pulse voltage to an
electrical load to drive and control the electrical load with the
pulse voltage alternately assuming a high potential and a low
potential, the load drive apparatus comprising:

a current supply section configured to supply an anomaly
judgment current to the electrical load when the pulse
voltage assumes the low potential; and

an anomaly judgment section configured to judge whether
or not the electrical load is in any of a plurality of
anomalous states on the basis of an electrical character-
istic of the electrical load at the time when the anomaly
judgment current is supplied to the electrical load, the
plurality of anomalous states including at least a dete-
riorated state of the electrical load and one or more
wiring anomalous states of the electrical load.

2. A load drive apparatus according to claim 1, wherein

the electrical load is a heater which generates heat when
energized;
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the electrical characteristic of the electrical load is an elec-

trical resistance of the electrical load,

the anomaly judgment section compares the electrical

resistance of the electrical load to three predetermined
thresholds and judges whether or not the electrical load
is in any of the plurality of anomalous states on the basis
of the comparison;

the three thresholds are a first threshold, a second threshold

greater than the first threshold, and a third threshold
greater than the second threshold;

the anomaly judgment section judges that the electrical

load is in a short-to-ground anomalous state when the
electrical resistance of the electrical load is equal to or
less than the first threshold, the short-to-ground anoma-
lous state being one of the one or more wiring anomalous
states of the electrical load in which opposite ends of the
electrical load are connected to the low potential;

the anomaly judgment section judges that the electrical

load is in a normal state when the electrical resistance of
the electrical load is greater than the first threshold and is
equal to or less than the second threshold;

the anomaly judgment section judges that the electrical

load is in the deteriorated state when the electrical resis-
tance of the electrical load is greater than the second
threshold and is equal to or less than the third threshold,
the deteriorated state being one of the plurality of
anomalous states in which the electrical load is deterio-
rated; and

the anomaly judgment section judges that the electrical

load is in a particular anomalous state when the electri-
cal resistance of the electrical load is greater than the
third threshold, the particular anomalous state being one
of the one or more wiring anomalous states of the elec-
trical load and which includes at least one of a short-to-
power anomalous state in which the opposite ends of the
electrical load are connected to the high potential and a
wire breakage anomalous state in which an energization
path for applying the pulse voltage to the electrical load
is broken.

3. A load drive apparatus according to claim 2, wherein
upon judging that the electrical load is in the particular
anomalous state, the anomaly judgment section compares a
voltage between the opposite ends of the electrical load with
apredetermined particular anomaly judgment value when the
pulse voltage assumes the low potential or when the control of
the pulse voltage by the application voltage control section is
not performed, and the anomaly judgment section judges that
the electrical load is in the short-to-power anomalous state
when the voltage between the opposite ends of the electrical
load is greater than the particular anomaly judgment value or
that the electrical load is in the wire breakage anomalous state
when the voltage between the opposite ends of the electrical
load is equal to or less than the particular anomaly judgment
value.



